Centrality dependence of charged-particle pseudorapidity distributions from d+Au
collisions at /syy = 200 GeV
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Charged-particle pseudorapidity densities are presented for the d+Au reaction at /syy =
200 GeV with —4.2 < 5 < 4.2. The results are shown for minimum-bias events and 0-30% and
30-60% central events. The data were obtained using several subsystems of the BRAHMS experi-
ment at RHIC. Models incorporating both soft physics and hard, perturbative QCD-based scatter-
ing physics agree well with the experimental results. The data do not support predictions based on
strong-coupling, semi-classical QCD. A comparison of the central 200 GeV data with full-overlap
d+Au results at \/snny = 19.4 GeV shows similar behavior in the near-fragmentation regions after

accounting for the number of participants of the respective fragments.

PACS numbers: 25.75.Dw

The saturation of initial parton densities in relativis-
tic heavy-ion collisions, a manifestation of high-density
QCD, is expected to significantly influence the pseudora-
pidity and centrality dependence of the emitted charged-
particle densities from these reactions [1-5]. Some of
the earliest results from the Relativistic Heavy-Ion Col-
lider (RHIC) have been charged-particle pseudorapidity
density distributions for Au+Au collisions [6-11]. While
these data have been used to constrain model predictions
for ultrarelativistic heavy-ion collisions, they have been
inconclusive as to whether parton saturation in the ini-
tial state contributes significantly to the reaction dynam-
ics. Calculations that include these saturation effects are
successful in describing the earlier Au+Au results [3, 4].
Equally good agreement is found, however, with calcula-
tions that do not include saturation effects but rather fo-
cus on the energy-loss mechanisms for the multiple mini-
jets created in the collisions [12-15]. Kharzeev, Levin and
Nardi [5] have suggested that a study of light-particle on
heavy ion d+Au collisions might result in a significantly
stronger signature and hence might help to select among
different models of the reaction dynamics.

We report on a measurement of the charged-particle
pseudorapidity densities for the d+Au reaction at
VSNN = 200 GeV with pseudorapidity n coverage of
—4.2 < n < 4.2. The pseudorapidity densities are re-
ported for minimum-bias events and 0-30% and 30-60%

central events. The results allow for a detailed compari-
son to model predictions of particle production at RHIC
energies. The most central data (0-30%) correspond to a
situation where both deuteron nucleons are expected to
participate in the reaction. This allows for an interesting
comparison with full-overlap d+Au data obtained by the
NA35 collaboration at \/syy = 19.4 GeV [16].

The present analysis employs several of the BRAHMS
global detector subsystems: The Si Multiplicity Ar-
ray (SiMA) and the scintillator Tile Multiplicity Array
(TMA) [17] are used for centrality determination and
to measure the pseudorapidity densities close to mid-
rapidity. The Beam-Beam Counter (BBC) arrays are
used to reconstruct the collision vertex and to determine
the pseudorapidity densities at larger pseudorapidities.
The “Inelasticity Counters” (INEL), developed for the
pp2pp experiment [18], are used for a close to minimum-
bias experiment trigger and to provide vertex position in-
formation in cases where the beam-beam counter arrays
are not able to establish the vertex location. Full details
of the BRAHMS apparatus can be found in ref. [19].

The layout of the SIMA and TMA detectors for the
d+Au experiment is similar to that presented for ear-
lier measurements of Au+Au multiplicities at \/syn =
130 GeV and 200 GeV, and details of the analysis proce-
dures can be found in refs. [9, 10]. The SiMA was config-
ured with 25, 4 cm x 6 cm Si wafers in an hexagonal ar-



rangement around the beam pipe, with each wafer func-
tionally divided into 7 discrete segments along the beam
line and located 5.3 cm from the beam axis. Four sides of
the hexagonal array were populated with six detectors,
each. To accommodate forward- and mid-rapidity spec-
trometers (see ref. [19]), the remaining two sides were
left largely unpopulated with the exception of a single
wafer mounted on the forward-spectrometer side of the
array away from the forward angles. The TMA was pop-
ulated with 38, 12 cm x 12 cm plastic scintillator tiles
with fibre-optic readout located 13.7 cm from the beam
axis. The hexagonal TMA array had four sides fully pop-
ulated with eight detectors, each. The mid-rapidity and
forward spectrometer sides were populated with two and
four detectors, respectively. With this arrangement, the
SiMA and TMA can each measure pseudorapidity den-
sities with —2.2 < 1 < 2.2 using an extended range of
collision vertex locations z about the nominal array cen-
ter, with —35 cm < z < 35 cm. Particle multiplicities
were deduced for the individual SiIMA and TMA ele-
ments by using GEANT [20] simulations to convert the
observed energy-loss signals in the individual detector el-
ements to the number of primary particles hitting that
element. The HIJING event simulator [12] was used to
obtain the primary mix of particle types and momenta.

Two Beam-Beam Counter arrays are used to extend
coverage out to n = +4.2, with each array consisting of a
set of Cherenkov UV-transmitting plastic radiators cou-
pled to photomultiplier tubes. The arrays are positioned
around the beam pipe on either side of the nominal in-
teraction point at a distance of 2.20 m. By timing the
leading particles hitting the two arrays, a vertex posi-
tion resolution of ~ 2 cm was achieved. Charged-particle
multiplicities are deduced from the number of particles
hitting each detector, as found by dividing the measured
ADC signal by that corresponding to a single incident
particle.

Three pairs of INEL Counters were used to develop a
near-to-minimum bias trigger by detecting charged par-
ticles in the pseudorapidity range 3.2 < |n| < 5.3. The
basic INEL counter consists of a plastic scintillator ring
that is segmented into four pieces and arranged about the
beam pipe. The counters corresponding to the innermost
utilized pair are located on either side of the nominal in-
teraction vertex at £155 cm. These counters have an
inner radius of 4.13 cm and an outer radius of approxi-
mately 12.7 cm, with flat regions introduced at the outer
radius to allow for the mounting of phototubes. On the
positive pseudorapidity side, two scintillator pieces are
removed to accommodate the forward spectrometer. The
other four counters have inner radii of 6.67 cm and outer
radii of approximately 12.7 cm, again with flat regions at
the outer radius. These counters are paired at £416 cm
and £660 cm. Using the relative time-of-flight of parti-
cles hitting the left and right arrays in coincidence it is
possible to determine the interaction vertex with a res-
olution of & 5 cm. The INEL counters are also used to
provide a minimum-bias trigger for the experiment and,
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FIG. 1: SiMA and TMA averaged multiplity distribution nor-
malized to the 1% centrality level. Centrality limits of 30%
and 60% are indicated. The insert shows the correlation be-
tween the SIMA and TMA multiplicities.

based on GEANT simulations, are believed to be sensi-
tive to 92% of the total reaction cross section.

Reaction centrality is determined using a geometry-
weighted average of SIMA and TMA multiplicities. Both
the SIMA and TMA multiplicities are corrected for the
distance of the actual interaction vertex from the nominal
vertex at array center. GEANT simulations were used to
correct for the possibility that neither the SIMA nor the
TMA detectors will be hit by a particle for the most
peripheral events.

Figure 1 shows the normalized SiIMA and TMA aver-
aged multiplicities. The shape is very different from that
found for the corresponding Au+Au spectrum|[9] where
there is an extended “flat” region and a well-defined high
multiplicity knee. This difference reflects in part the
overall lower particle multiplicities for the d+Au mea-
surement and the correspondingly larger event-by-event
scatter of the number of measured particles relative to the
average number of particles observed for a given central-
ity selection. This is seen, for example, by comparing the
individual multiplicities in the SIMA and TMA as shown
in the Fig. 1 insert. The width of the correlation band re-
flects the statistical scatter of the semi-independent mul-
tiplicity measurements. Reaction centralities are found
by integrating the yield under the multiplicity curve.
Limits for the 30% and 60% centrality cuts are indicated
by the vertical lines.

Figure 2 shows the resulting charged-particle
pseudorapidity-density plots for minimum-bias events
and 0-30% and 30-60% central events. The SiMA and
TMA results have been averaged. Overall statistical
uncertainties are indicated or are smaller than the
data points.  Systematic uncertainties, denoted by
the horizontal brackets, are determined by exploring
the variation of the deduced pseudorapidity densities
to reasonable changes in the energy calibrations and
background subtraction. = Our results agree within
systematic uncertainties with recently reported results
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FIG. 2: Charged-particle multiplicities for a) minimum-bias
and 0-30% central events and b) 30-60% central events. c)
Scaled multiplicity ratio R, as discussed in the text. The left
(right) arrows show corresponding values for Au- (d-) partic-
ipant scaling. Statistical uncertainties are indicated by verti-
cal lines or are smaller than the symbols. Detached horizontal
brackets indicate the total (statistical and systematic) uncer-
tainties. The dashed, solid and dotted curves are the results
of the HIJING, AMPT and Saturation models, respectively.

of the PHOBOS Collaboration [21], although we see a
more rapid fall-off with increasing pseudorapidity on the
Au fragmentation side.

Three model calculations are compared to the data.
The dashed curves show the predictions of the HIJING
model [12]. HIJING is a Monte Carlo model that in-
cludes both soft and hard, perturbative QCD-based scat-
tering effects. The solid curves show the predictions of
the AMPT model [13-15] which includes both initial par-
tonic and final hadronic interactions. The centrality se-
lections for the HIJING and AMPT models were done
by selecting the fraction of events with the highest par-
ticle multiplicity within the pseudorapidity range of the
SiMA and TMA arrays. Both models do very well in re-
producing the experimental results at midrapidity and at
positive rapidities leading to the deuteron fragmentation
region. At negative rapidity leading to the Au fragmen-
tation region the two models start to diverge and here
HIJING appears in slightly better agreement with our
results.

The dotted curves in Fig. 2 show the expectations of
the QCD Saturation Model [5]. In this case the cen-

trality dependence was based on the published curves
of charged-particle pseudorapidity densities for different
centrality ranges given in ref. [5]. The Saturation Model
accounts for the high-density QCD effects that are ex-
pected to limit the number of partons in the entrance
channel. The model predicts more pronounced effects in
the d+Au system as compared to the Au+Au system,
where good agreement was found with the data. How-
ever, the model appears to be unsuccessful in the d+Au
system at reproducing either the centrality or pseudora-
pidity dependence of the results.

Fig. 2c¢ shows the ratio R (= 0.62 x dN/dn(0 —
30%)/dN/dn(30 — 60%)) of pseudorapidity distributions
for the 0-30% and 30-60% data, where 0.62 is the ra-
tio of the number of participants for the peripheral and
central data as found using HIJING. Uncorrelated sys-
tematic uncertainties of 5% are assumed for the mea-
surements. Model calculations based on the HIJING,
AMPT and Saturation models are again compared to the
data. While the HIJING and AMPT simulations are in
good agreement, with experiment, the saturation models
predicts a ratio that has a very different pseudorapidity
dependence.

It can be noted that by scaling with the total number of
d- and Au- participants, the ratio R approaches unity for
large, negative pseudorapities(Au-fragmentation side),
increases to 25% above unity near midrapidity, and then
drops to a relatively low value for large, positive pseudo-
rapidities (d-fragmentation side). The participant ratios
appropriate for Au- and d-participant-only scaling are
0.57 and 0.89, which would result in the R values as indi-
cated by the left and right arrows in Fig 2c, respectively.
Particle production away from mid-rapidity appears to
follow the participant scaling of the respective fragment.

The d+Au system has previously been studied by
the NA35 experiment at \/syy = 19.4 GeV [16] where
data were obtained for both negative hadrons h~and for
the net baryons as measured by the difference of pro-
ton and antiproton yields (p — p). Pseudorapidity dis-
tributions were developed with an experiment that se-
lected 43% of the total inelastic cross section, with both
deuteron nucleons acting as participants. For compari-
son with the present results, the total charged-particle
densities are determined for the lower energy data tak-
ing dNp/dn = 2 x dN(h™)/dn + dN(p — p)/dn, where
the pseudorapidity densities are deduced from the quoted
rapidity distributions by first shifting to the center-of-
mass system and then assuming the 7~ mass for h~
and the observed mean-p; values for the h~ and p — p
distributions. At the higher energy of the current mea-
surement, HIJING model simulations indicate that the
criteria that both deuteron nucleons act as participants
is well satisfied for the 0-30% centrality range. In this
case it is interesting to see if the limiting fragmenta-
tion behavior previously observed in Au+Au yields at
VSN~ =130 and 200 GeV [9, 10] is present in the d+Au
system.

Figure 3a compares the d+Au pseudorapidity distri-
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FIG. 3: Comparison of central \/syy = 200 GeV results(solid
squares) with NA35 data (open squares) at /sy = 19.4 GeV
in a) the nucleon-nucleon center-of-mass system, b) the Au
rest frame, c) the deuteron rest frame. The solid curve is
based on data for Au+Au 0-30% central events at /SNy =
200 GeV [10]. Npar: scaling is applied as indicated in panel
b).

butions in the nucleon-nucleon center-of-mass system,
where the fixed-target NA35 results have been shifted
by the center-of-mass rapidity. The factor of 2.2 increase
in charged-particle density at mid-rapidity significantly
exceeds the ratio of the total number of participants at
the two energies, based on the HIJING simulations, of
(Npart)(200 GeV)/(Npart)(19.4 GeV) = 13.6/10.5 = 1.3.
Fig. 3b compares the data at the two energies in the
frame of the Au fragment. Here the NA35 results have
been scaled up by the ratio of Au participants at the
two energies. The two distributions have similar val-
ues approaching the Au rapidity. The solid curve shows
the results of the 0-30% central Au+Au distribution at

V8NN = 200 GeV [10], scaled by the ratio of d+Au
gold participants to the number of participant pairs for
the Au+Au reaction. The results seem to merge with
the d+Au distribution taken at the same /syy value
approaching the Au fragmentation region. The current
measurements do not take us close enough to the beam
rapidities to claim limiting fragmentation scaling on the
Au fragmentation side, although the data, taken together
with the earlier results shown in Fig. 2c, may suggest
such behavior. Finally, Fig. 3c compares the two d+Au
distributions in the deuteron frame. With the given cen-
trality selections, Npqq¢(d) ~ 2 at both energies and so
no participant scaling is done for the comparison. The
two distributions are found to overlap, again suggesting
a limiting fragmentation behavior.

We have measured pseudorapidity densities of charged
particles for the d+Au reaction at \/syn = 200 GeV for
different centrality ranges. The ratio of particle densi-
ties for central and peripheral events is found to agree
well with participant scaling in terms of the respective
fragments away from mid-rapidity. At mid-rapidity we
find a yield for central collisions that is in excess of that
attributable to participant scaling. Overall, model cal-
culations based on both soft physics and perturbative
QCD lead to excellent agreement with the experimental
results whereas calculations based on the saturation pic-
ture using scale parameters set by previous experimental
data appear to have difficulty in reproducing the mea-
surements. Comparison with lower energy d+Au data
suggest a significant enhancement of the mid-rapidity
yields at the higher energy with a limiting fragmentation-
like behavior observed near the rapidity of the d and Au
fragments.
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